Epigenetic mechanisms contribute to decrease stearoyl-CoA desaturase 1 expression in the liver of dairy cows after prolonged feeding of high-concentrate diet.
Subacute ruminal acidosis (SARA) of dairy cattle is a widely occurring but not very overt metabolic disorder thought to impair milk composition. The enzyme stearoyl-CoA desaturase 1 (SCD1) is rate-limiting for the formation of Δ-9 unsaturated fatty acids and thus crucially involved in controlling lipid metabolism in the liver. It is known that SCD1 expression is downregulated during SARA, but the underlying molecular mechanisms are unknown. To study these mechanisms, we enrolled 12 healthy multiparous mid-lactation Holstein cows into a diet-induced SARA experiment. Six cows were fed a high-concentrate diet for 18 weeks (60% content of high-concentrate to 40% forage; HC group), whereas the others received a low-concentrate diet ad libitum (40% high-concentrate content to 60% forage; LC group). Sustained low ruminal pH values (pH 5.6 maintained for 4 h/d) and reduced milk yield performance (2.07 kg/d less than LC cows) verified that SARA had been induced in the HC group. Results showed a significantly decreased concentrations of cis-9 monounsaturated long-chain fatty acids in plasma collected from hepatic but not portal veins. This was matched by reduced SCD1 mRNA and protein concentrations in HC livers. The expression levels of genes related to lipid formation (DGAT1 and PLIN2) were downregulated during SARA, whereas those of catabolic genes (CPT1A, CPT2, and ACOX1) and some inflammatory genes were upregulated. Expression of SCD1 was downregulated through reduced transcription and abundance of the transcription factor sterol regulatory element-binding protein 1 (SREBP1c).This effect was augmented by local chromatin tightening and DNA methylation at and around the SREBP1c binding site in the SCD1 promoter. Chromatin immunoprecipitation assays confirmed that SARA reduced SREBP1c binding at the SCD1 promoter; hence, epigenetic mechanisms are involved in regulating the expression of genes related to long-chain fatty acid modification, partially through downregulation of both SCD1 and SREBP1c in the liver. Our results suggest that in addition to inflammatory genes, SCD1 is also involved in SARA-induced epigenetic regulation and its associated metabolic changes. This knowledge might help to provide a target for intervening against the detrimental metabolic effects of SARA.